Abstract Seagrass ecosystems worldwide have been declining, leading to a decrease in associated fish populations, especially those with low mobility such as syngnathids (pipefish and seahorses). This two-year pilot study investigated seasonal patterns in density, growth, site fidelity, and population dynamics of Tampa Bay (FL) syngnathid fishes at a site adjacent to two marinas under construction. Using a modified mark-recapture technique, fish were collected periodically from three closely located sites that varied in seagrass species (Thalassia spp., Syringodium spp., and mixed-grass sites) and their distance from open water, but had consistent physical/chemical environmental characteristics. Fish were marked, photographed for body size and gender measurements, and released the same day at the capture site. Of the 5695 individuals surveyed, 49 individuals were recaptured, indicating a large, flexible population. Population density peaks were observed in July of both years, with low densities in late winter and late summer. Spatially, syngnathid densities were highest closest to the mouth of the bay and lowest near the shoreline. Seven species of syngnathid fishes were observed, and species-specific patterns of seagrass use emerged during the study. However, only two species, Syngnathus scovelli and Hippocampus zosterae, were observed at high frequencies. For these two species, body size decreased across the study period, but while S. scovelli's population density decreased, H. zosterae's increased. Across six of the seven species, population size declined over the course of this preliminary study; however, seasonal shifts were impossible to distinguish from potential anthropogenic effects of construction [Current Zoology 56 (1): 118-133 2010].
Seagrass ecosystems worldwide are under threat from various anthropogenic stressors, including eutrophication leading to phytoplankton and macroalgal blooms, increased sedimentation leading to light limitation, rising temperatures, dredging, coastal construction, and boat propeller scarring (Short et al., 1995; Thrush and Dayton, 2002; Campbell et al., 2003; Davenport and Davenport, 2006; Orth et al., 2006; Fyfe and Davis, 2007) . Decline of this vital habitat is devastating to the local marine environment, with increases in nutrients due to both the loss of seagrasses as a nutrient filter as well as the breakdown of seagrass into organic components (Wang et al., 1999) . In addition, seagrasses stabilize sediments, and their absence leads to increased turbidity in the water column and altered water flow (Fonseca and Fisher, 1986) . Parallel with the weakening of these extensive ecosystem functions is the loss of habitat, as seagrasses play a critical role in providing food resources for herbivorous species, nursery areas for juvenile fish and invertebrates, and structurally complex habitats for a diverse array of fauna (Sogard et al., 1987; Jenkins and Wheatley, 1998; Boström et al., 2006; Carruthers et al., 2007) .
Before seagrasses are lost from the system, successional changes have been observed as one grass type is replaced with another, either in isolated locations or in large areas of habitat previously occupied by another seagrass species (Williams, 1990; Fourqurean et al., 1995; Robbins and Bell, 2000) . This has been attributed to differences in the competitive abilities and physiological tolerances to disturbance, nutrients, and increased sedimentation of the seagrass species involved. These types of interactions between seagrasses have even led to changes in the morphological structure of the seagrass itself; in Halodule wrightii, for example, reduced branching has been observed under the canopy cover of Thalassia testudinum, leading to a less complex growth form (Tomasko, 1992) . Both drift macroal-gae and epiphytic algae have the potential to alter seagrass habitat complexity. In small amounts, growth of these algae can increase habitat complexity; however, moderate to large amounts of drift or epiphytic algae can lead to seagrass loss over time Hauxwell et al., 2001; Havens et al., 2001; Balata et al., 2008) . As a result, broad-scale seagrass surveys would not record an overall loss of seagrass area, but given the structural differences between seagrass species, these shifts have the potential to have dramatic effects on habitat complexity. In addition, many animal and fish species are commonly associated with specific types and/or densities of seagrass for foraging or reproductive habitat (Irlandi et al., 1995; Jenkins and Wheatley, 1998; Matheson et al., 1999; Boström et al., 2006; Horinouchi, 2007; Malavasi et al., 2007) ; thus, shifts in seagrass species during successional events can influence the faunal diversity in a seagrass ecosystem. Even grass beds with the same species but different timelines of establishment (natural vs. well-established recolonized) have different fish species complexes (Brown-Peterson et al., 1993) .
Seagrass-dependent organisms that rely on particular seagrass species or the entire seagrass ecosystem are expected to be most affected by seagrass loss or successional events. Syngnathid fishes (pipefish and seahorses), are such a group, because numerous species that have been described are indeed associated with seagrass landscapes (Matlock, 1992; Lourie et al., 2004; Kuiter, 2003; Foster and Vincent, 2004; Monteiro et al., 2006) . More important, one pipefish species Solegnathus hardwickii and the entire genus Hippocampus have been listed in CITES Appendix II, with at least one species identified as endangered, nine others as vulnerable, and the rest of the 33 species as data-deficient (H. capensis, IUCN 2008) . In addition to their limited mobility and association with threatened seagrass ecosystems, it has been suggested that other aspects of their biology may play a role in their ecological vulnerability. For example, patchy spatial distributions, low population density, and monogamous mating systems (seahorses and some pipefish) make them particularly susceptible to habitat change or loss (Jones and Avise, 2001; Foster and Vincent, 2004; Lourie et al., 2004) . With their complex reproductive behaviors, even an increase in turbidity could affect the ability of individuals to locate each other and receive visual cues associated with courtship and mating (Gronell, 1984; Vincent, 1994; Masonjones and Lewis, 1996) . Worldwide, many syngnathid populations are declining due to fishing pressure, habitat destruction, and other unknown causes (Baum et al., 2003; Martin-Smith and Vincent, 2005) .
Few field studies on the distribution of syngnathid fishes have investigated microhabitat preferences, but in those that have, some species have demonstrated a consistent association with a limited array of seagrass species and/or preference for specific locations within the seagrass landscape. In studies of the diverse assemblage of Australian syngnathids, the most common species found, pipefish Stigmatopora argus and S. nigra, were both more often associated with the seaward edges of seagrass beds (Smith et al., 2008) , and S. nigra was predominantly found in Posidonia coriacea seagrass (Kendrick and Hyndes, 2003) . In preference tests in the laboratory, male Nerophis ophidian preferred long over short seagrass blades, and both N. ophidian and Syngnathus typhle showed preferences for specific microhabitat locations within an artificial grass bed, findings that correlated with observations from the field (Malavasi et al., 2007) . However, although clearly associated with seagrass ecosystems (Diaz-Ruiz et al., 2000) , the gulf pipefish Syngnathus scovelli was found to increase in abundance in areas scarred with boat propellers, indicating that, although seagrass may be important, moderate fragmentation of the landscape does not inhibit retention or recruitment in this species (Bell et al., 2002) . Seahorses have also been shown to exhibit habitat preferences (Hippocampus reidi, Dias and Rosa, 2003; H. breviceps, Moreau and Vincent, 2004) . However, two seahorse species found in Portugal (H. hippocampus and H. guttulatus) are the only species for which seagrass preference has been investigated in detail (Curtis and Vincent, 2005) .
In this pilot study, our aim was to determine if, in a continuous seagrass landscape composed of a complex of seagrass species distributed in monospecific stands, mixed-species stands, and with varying amounts of drift macroalgae, we could detect differences in the species diversity and abundance of syngnathid fishes between these types of seagrass areas over time. Seahorses, due to their lower mobility and high site fidelity found in previous field studies (H. whitei, Vincent and Sadler, 1995) , are expected to exhibit consistent population densities across season. Furthermore, a study of two other species suggested a preference for specific holdfasts (Curtis and Vincent, 2005) ; thus, we hypothesize stronger preferences for seagrass type than found in pipefish. Based on work with Australian pipefish and a pilot study investigating the potential for migration in Syngnathus fuscus (Lazzari and Able, 1990; Kendrick and Hyndes, 2003) , we predict that pipefish will be found in all habitats independent of seagrass species and macroalgal cover, but with higher population densities closer to open water. We also predict that pipefish densities will fluctuate across seasons as they move to deeper locations during the colder months.
Materials and Methods

Study region
The research site was located in the southeast end of Old Tampa Bay, which is positioned on the western upper lobe of Tampa Bay (N27º52.34', W82º32.19'; Fig.  1 ). This site was selected because of its robust syngnathid populations relative to other locations in Tampa Bay (Masonjones, unpublished data) . The tidal regime in the area is mixed semi-diurnal, and to access the site for sampling and to standardize measurements, all sampling events took place during either primary or secondary low tide events. The area selected is a shallow seagrass system, sections of which are exposed at extreme low tides. The immediate western edge of the study site is bounded by a sandbar, which is exposed during the majority of primary low tides. As a result of the sandbar, access to the site is restricted to wading during sampling. The sandbar serves as a partial barrier to water flow and therefore animal movement, at least during low tide events.
Within the region, three seagrass-covered sites were chosen that varied in seagrass type, macroalgal cover, and distance from open water (Table 1; for measurement information, see section 1.3). Site M1, dominated by Syringodium filiforme (manatee grass), was the deepest of the three sites and had the most macroalgal cover (both drift and epiphytic). In addition, M1 was a moderate distance from the sandbar at the western edge of the site, and thus had more access to open water than M2 and less than M3. Site M2 was the shallowest and most inland of the three sites. It was dominated by Thalassia testudinum (turtle grass) and had moderate macroalgal cover (although seasonally high in the late fall and early winter) and small bare sand patches (0.5 -2 m in diameter) interspersed with the seagrass patches. Site M3 had a moderate depth but was the site with the most contact with open water. It was dominated by T. testudinum but had some S. filiforme and Halodule wrightii (shoal grass). In both M1 and M3, Ruppia maratima was occasionally observed during sampling. Each site was roughly circular (shape determined by both capture and return GPS coordinates) with a 100-m diameter, and the centers of the sites were located roughly 170 -200 m from each other. Differences between years was investigated with a MANOVA, which showed a significant effect of year (Wilkes λ 14,16 = 0.051, F 14,16 = 3.913, P = 0.005).
History of site and land use
Tampa Bay has had a long history of water quality issues that have devastated seagrass communities throughout the estuary, but the area has been steadily making progress in decreasing nutrient sources and aiding in seagrass recovery (Wang et al., 1999; Tomasko et al., 2005) . In the research site being investigated in this study, until roughly 1950, the seagrass was continuous up to the Gandy Bridge, at the top edge of inset 2 (Figure 1 ; Pirello, personal communication). In the 1950s, dredging occurred at the north edge of the site to create the Tyson Street peninsula, the location of one of the construction projects that occurred during the study (B, inset 2). During the late 1960s, the Westinghouse submarine engine facility was constructed (A, inset 2), which led to the dredging of an 11-ft channel stretching from A to B and then out into Old Tampa Bay, and the creation of two spoil islands seen just west of "A" in Fig.  1 . This channel was the main method of export of submarine engines out of the site from the early 1970s until the early 1990s. To the east of the research site, an apartment complex with limited water access was constructed in the 1980s. To the south, a channel was dredged to a boat-launching facility some time in the mid-1930s, and is still periodically dredged to maintain channel depth (shown at the south edge of inset 2). At locations A and B, demolition of existing structures and construction of new buildings and marine facilities occurred for the two marina complexes from February 2004 to October 2007.
Measurement of environmental variables and distinguishing between sites
Environmental variables were tracked in two contexts during the course of the study. First, environmental data were monitored to identify potential environmental changes over time. Just outside the area of the three research sites, environmental samples were obtained through an existing research protocol using a 100-m transect with five replicate samples collected along its length. At each site, ecological variables such as water turbidity (Oakton T-100 Turbidimeter, measured in nephritic turbidity units, ntu), temperature (ºC), salinity (Extech refractometer, Model RF20, ppt), seagrass species, seagrass blade density (total number of blades in a 0.1-m 2 quadrat), seagrass blade heights (cm), and epifaunal and fish diversity (collected with pushnet and analyzed as Shannon-Weiner diversity, H') were determined for each sample (Table 1) . We used seagrass blade density rather than the density of short shoots to measure seagrass cover because, for seahorses especially, blades are used as attachment sites and thus represent habitat better than do short shoots. Because of the subtropical climate observed in central Florida, traditional seasons were not used for analysis. Instead, the distinction of the "wet season", typically May 1 through October 31 in Florida, and "dry season", from November 1 through April 31, was used.
To distinguish between years a MANOVA was conducted, with year used as the explanatory variable, and salinity, temperature, depth, turbidity, total faunal diversity, seagrass blade density, and seagrass blade height used as response variables. Both temperature and blade density were double-log transformed to fit the assumptions of parametric statistical tests. MANOVA results indicated that although a significant shift across years was detected (Wilkes λ 14,16 = 0.051, F 14,16 = 3.913, P = 0.005; Table 1 ), pairwise comparisons did not indicate that any of the years were significantly different from one another (Hotelling's T 2 , all P > 0.05), and univariate tests did not indicate which environmental variables contributed to the overall differences detected among years (ANOVA, all P > 0.05). As a result, no detectable shifts in the environment occurred during the study period. Second, environmental variables were collected during the wet season at each site (Table 2) , to distinguish the sites from each other. Salinity, temperature, turbidity, and dissolved oxygen were determined using a YSI Multiprobe (MPS 556). Depth (in cm) was measured at the location of each environmental sample. Seagrass variables were also measured, including the height of a random sample of blades (in cm) and the density of blades in five replicate 0.1-m 2 quadrats. Also, a N,N,-dimethyl formamide chlorophyll extraction was taken of five randomly sampled blades at each replicate location to measure seagrass health, following the methods of Dunton and Tomasko (1994) and using the equations for chlorophyll content from Porra et al. (1989) . During each fish collection, seagrass type was scored every 20 m, and these tallies were used to describe the dominant seagrass species at the site. Macroalgal cover was approximated based on an estimate of the blotted, uncompacted volume of algae that was in the net after each fish collection, as 0 (less than 1 l), low (1-5 l), moderate (5-10 l) or high (> 10 l). These scores were then used to provide the macroalgal cover description seen in Table 2 .
To determine the most important environmental components distinguishing sites from one another, two MANOVAs were conducted. Variables were transformed to fit parametric test assumptions (transformations listed in Table 2 ). The first MANOVA was to determine if sites were similar with respect to physical and chemical characteristics (abiotic factors), with site as the explanatory variable and salinity, temperature, depth, turbidity, dissolved oxygen, and depth the response variables. Sites were indistinguishable from one another based on physical/chemical characteristics (Wilkes λ 10,16 = 0.310, F 10,16 = 1.275, P = 0.321), with no individual environmental characteristics significantly different across sites (Univariate ANOVA, all P > 0.05; Table 2 ).
To determine if the seagrass or biological variables differed among sites, a separate MANOVA was conducted for site by total faunal diversity, seagrass blade density, seagrass blade height, and total chlorophyll content. Based on these biological variables, significant differences were detected among sites (Wilkes λ 8,18 = 0.023, F 8,18 = 12.624, P < 0.0001), with pairwise comparisons indicating that sites M1 and M2, and M2 and M3 were significantly different from one another, and sites M1 and M3 approached significance (M1:M2, Hotelling's T 2 = 221.7, P = 0.001; M2:M3, Hotelling's T 2 = 122.4, P = 0.003; M1:M3, Hotelling's T 2 = 29.3, P = 0.06). Faunal diversity, seagrass blade density, and seagrass blade height all significantly contributed to the distinction among sites (Table 2) . M1 seagrass had longer blades than M3, while M2 seagrass blades had the shortest length. This corresponds with the predominant seagrass species observed in M1 (S. filiforme) and the slightly higher average depth in the site. Blade density also varied with grass type, with M2 having fewer blades and dominated by Thalassia seagrass, and M3 having the highest blade count, reflecting the mixture of Thalassia with Syringodium and Halodule, which both have much higher blade densities than Thalassia alone, and which led to M3 most likely having the most spatially complex habitat.
Fish collection and return to sites
Organisms were collected at three sites (M1, M2, M3) using 1.3 m-wide pushnets with 6 mm pore size over a linear distance target of 100 m, as described by Strawn (1958) . The net was modified to include cable ties wrapped around the bottom edge to form soft teeth with which to "comb" the seagrass and encourage seahorses to leave their holdfasts and swim up into the net. Sampling distances were carefully measured to obtain an accurate density estimate, and samples were collected in random directions within each site in short (20 -30 m) segments to avoid stressing the animals from being in the net too long. Mean distance surveyed at each site was 114.0 m (standard error, 39.6), and total distance covered was approximately 10,833 m. During collection, GPS points for the start and end of each sampling drag were collected to map collection history at each site. The mean area surveyed at each site on each sampling day was 148.24 m (standard error, 51.4), and mean area of sites did not differ. Organisms were released the same day to their original collection sites, which were tracked and mapped for each site and day using ArcGIS 9.2 (Fig.  1) . Collections occurred between December 2005 and December 2007, with an average sampling interval of 22.7 days (standard error, 2.73; range, 5 -56 days). Upon subsequent sampling days, the starting point within the site was randomized to avoid pseudoreplication.
Marking protocol
To determine independence of samples across the study, fish were anesthetized with clove oil and then marked intradermally using visible implant fluorescent elastomer (VIFE; Northwest Marine Technology, Inc.) on the ventral surface at the base of the tail, following the protocol of Woods and Martin-Smith (2004) for the larger seahorse species Hippocampus abdominalis. During marking, fish were examined to determine if they had previous marks, which would indicate a recapture event. In this study, marking was used specifically to determine if we had previously collected individuals and not as a technique for population estimation.
VIFE marking has been used successfully on many species of small organisms (juvenile kingfish Menticirrhus saxatilis, Miller et al., 2002 ; larval salamanders Eurycea bislineata, Campbell and Grant, 2008 ; rainbow darters Etheostoma caeruleum, Weston and Johnson, 2008) . In addition, a laboratory-based pilot study was run during the summer of 2004 on H. zosterae seahorses, selected because they are smaller and more difficult to mark due to their more ossified surface than the pipefish species commonly seen in Tampa Bay. In the pilot, 24 individuals (12 males and 12 females) were selected for a range of body sizes from a seagrass sampling event near Ft. DeSoto, Florida. All 24 animals were anesthetized with clove oil (GNC incorporated), and 6 males and 6 females were then selected at random for VIFE marking. All 24 animals were housed in a common 30-gal tank for 12 weeks post-marking. We observed 100% survivorship and complete mark retention (Masonjones and Curtis, unpublished data).
Fish data collection
Once marked, fish were photographed using a high-resolution digital camera with a measurement scale included in the frame. Seahorses and female pipefish were photographed laterally and male pipefish ventrally to identify reproductive stage and increase reliability of gender determination from photos. Photos were later analyzed to determine the sex, species, and standard length of syngnathids using the program ImageJ 1.40g (NIH). Due to their unique body shape, seahorse standard length was measured as the linear distance from the snout to the middle of the operculum, and then down the axis of the body to the end of the tail, following the measurement protocol from Lourie (2003) .
Statistical analysis
Data were analyzed to identify patterns across site, year, and species using queries written in Microsoft Access (2003) , with more advanced statistical analysis conducted in JMP 5.1.2 and Systat 12.0. All study values are provided as means plus one standard error, displayed in parentheses after the mean value.
Fish counts were obtained across sampling days and were analyzed with a chi-squared goodness-of-fit test. Because density data with small numbers of organisms observed were right-skewed, a 0.33 power transformation was applied. In addition, data sets with high numbers of zero densities were excluded from ANOVA statistical analysis (S. louisianae and S. floridae density data) and analyzed using one-way Wilcoxon or Kruskal-Wallis tests (χ 2 approximation). When standard length data violated the assumptions of heteroscedasticity (Bartlett's test) and/or normality (Shapiro-Wilk's test), data were transformed by calculating the lengths to the 1.2 power. In some cases of body length calculations, transformation did not completely normalize the data sets; as a result, an alpha of 0.01 was applied to those parametric statistical analyses following the procedure of Underwood (1997) . Multiple comparisons were conducted for ANOVA comparisons using Tukey's HSD values. Because recapture samples were small in number and inconsistent in frequency over time, population estimates are unlikely to be accurate (Krebs, 1999) . In addition, the population is only intermittently geographically closed at low tide. Other research in our laboratory indicates that, although H. zosterae are relatively sessile and might be candidates for closed population estimation techniques such as the Schnabel method (Krebs, 1999) , in S. scovelli pipefish, up to 20% of recaptures have changed location (Masonjones and Rose, unpublished data) . These factors, combined with recapture numbers too small for open population estimates, mean that we did not use recaptures to estimate population size of fish in the study. Marking instead was used to verify that fish captured during each sampling event had not been sampled in a previous event, thus verifying sample independence.
Results
Syngnathid density shifts across site and season
Seven syngnathid species were observed in the study region across the two-year sampling period (Table 3) . Anarchopterus criniger (fringed pipefish), H. erectus (lined seahorse), and S. springeri (bull pipefish) were all seen at frequencies well below 1% during the study. However, four species (H. zosterae, S. scovelli, S. louisianae, S. floridae) were observed at frequencies of 1.3% -82% across sites and species. By far, the most common species during all sampling events across all sites was the gulf pipefish S. scovelli, seen at frequencies roughly five times higher than the next most common species, the dwarf seahorse H. zosterae.
No observed pattern in distribution relative to site location was found in rare species (> 1%). Anarchopterus criniger was most common in M1, H. erectus was most common in M2, and S. springeri was only observed in M3. Site M2 had a 26.8% lower observed count of H. zosterae than was expected given the fish counts at the other two sites (χ 2 = 20.24, df = 2, P < 0.001). A similar pattern was observed with S. scovelli, S. louisianae, and S. floridae with M2, a site dominated by Thalassia, sand patches, and moderate algae ( Table 2) that exhibited the smallest number of fish. M1 had the next highest fish count, and M3 had the highest fish counts and was clearly preferred by far over the other two sites (S. scovelli: χ 2 = 193.17, df = 2, P < 0.001; S.
louisianae: χ 2 = 47.52, df = 2, P < 0.001; S. floridae: χ 2 = 42.02, df = 2, P < 0.001).
Total density of all syngnathid fishes over the course of the study was investigated by examining independent effects of site, season, and year. Differences in density for both season and year were significant (Table 4) , indicating that, overall, the wet season and 2006 both had the highest population densities observed in the study (Tukey HSD, both P < 0.05). However, this does not consider the timeline of the study and does not give a measure, other than year, that the overall population has changed. As a result, a concatenated variable of season and year was created to quantify shifts in population density (Fig. 2 ). It appears that the population is large in the wet season of 2006 and then declines through the other two seasons. Analyzed for season-year combined, significant relationships were detected (One-Way ANOVA, F 3,95 = 12.74, P < 0.0001). Most recently, the population density at the end of 2007 was significantly lower than all other groups, and the population density in the 2007 wet season was much lower than in the 2006 wet season (Tukey HSD, both P < 0.05).
H. zosterae showed even densities across sites when separated across seasons ( . This may seem contradictory considering that M2 had the lowest fish count observed across the four most common species above. However, the pattern is clearly driven by the three times higher densities of seahorses in both M1 and M3 in the 2006 For species of moderate abundance, gender of collected individuals is noted. See Table 6 for gender abundance data for most abundant species. wet season. Statistically, no effect of site was observed for density, but both season and year had moderately significant effects. Higher densities were found both in the wet season and in 2007 ( 3.12, df = 2, P = 0.21). Data could not be transformed satisfactorily for S. louisianae and S. floridae, so non-parametric tests were used. Site played a significant role in describing density differences (Table 4) , with both species of pipefish rarely observed in site M2 (Fig. 3) . In addition, season was an important factor explaining variation in both species' density, with much higher values during the 2006 wet season than in all other seasons (Fig. 3) . However, year did not significantly differ in either species. What is most interesting about the distribution of densities across time and site in both species is that males were rarely observed. Male S. louisianae were observed only a few times during the study, and not at all in site M2 or during the 2007 wet season (Table 3) . Male S. floridae comprised a larger percentage of the population than did male S. louisianae, but male S. floridae were not observed in site M1 and were also not seen during the 2007 dry season. 2.2 Body sizes and variation across species, gender, site, and season Body size varied substantially across factors investigated for both H. zosterae and S. scovelli, but not for S. louisianae or S. floridae (Fig. 4) . For H. zosterae, season played a highly significant role in describing variation in body size, with body size higher during wet seasons than dry seasons (Table 5 ). Body size did not vary by site, year, or gender. However, there was a significant interaction between site and season: Dwarf seahorses from the M1 site during the dry season were significantly smaller than all other groups (Tukey HSD, P < 0.05). M1 dwarf seahorses collected in all of 2006 were 6% smaller overall then all other combinations of site and year, with sites in 2007 far more homogeneous in size overall than sites in 2006 (Tukey HSD, P < 0.05). Finally, although there was no size difference across year between dry seasons, there was a significant increase in body size among fish collected in the 2007 wet season (Tukey HSD, P < 0.05).
For S. scovelli, site, season, and gender all contributed to describing variation in body size among pipefish (Table 5 , all P < 0.001, α = 0.01). Animals were significantly larger in the site closest to open water with the least macroalgal cover and a mixed seagrass species assemblage (M3). Animals were also larger in the wet season but significantly smaller overall in 2007 than in 2006 (Fig. 4) . In addition, there was a significant interaction effect between site and season in S. scovelli, with small and extremely homogeneous body sizes in the dry season but larger and more variable body sizes in the wet season (Tukey HSD, all P < 0.05). Sexual dimorphism was also observed in this species. Underwood (1997) , α = 0.01. ** Juveniles omitted from size analysis because they contributed to the violation of parametric assumptions and were unevenly distributed across sampling days. Missing data indicates samples sizes too small for meaningful results. 
Hippocampus zosterae and Syngnathus scovelli recapture rates
All animals that were collected were tagged, but only dwarf seahorses and gulf pipefish were recaptured. Recapture rates for both H. zosterae and S. scovelli were extremely low, at 0.33% and 1.0% respectively, making population estimates unreliable (Table 6 ). However, we used marking as a technique to verify whether or not we had observed individuals during a prior collection event and not to estimate populations, and our sampling techniques reflected the goal of obtaining samples that were independent from one another over time.
Recapture rates reflected the overall density of animals in sites the first year, with extremely high populations in the M3 site during the 2006 wet season, when most of the recaptures occurred. In fact, only six animals were recovered in 2007, and two of those recaptures were two of the only three remarked seahorses in the study. No male seahorses were recaptured, and among pipefish, females were more frequently recaptured, corresponding with their higher catch rate overall.
Discussion
Syngnathid density shifts across site and season
In investigating the patterns of syngnathid distribution by site, H. zosterae appear to be generalists in the seagrass landscape. This result is contrary to our expectations, based on their limited mobility and previous research showing that some seahorse species display particular habitat preferences. We observed low population densities overall, with a consistent distribution across seagrass sites and seasons. There were, however, significant density increases during the wet season and from 2006 to 2007. The density increase during the wet season cannot be explained by increases in the number of juveniles, as juvenile densities were consistent across site and across years. During collection, some seahorses were observed clinging to drift macroalgae in sampling nets, and this could serve as a method of dispersal for H. zosterae similar to that seen in the predominant distribution of Syngnathus fuscus in drift algae in a Cape Cod estuary . In other studies of seahorse habitat distribution, seahorses were also found at mean densities at or below 0.06 seahorses/m 2 , but locally high densities were observed around preferred habitat (1 seahorse/m 2 in H. whitei, Vincent et al., 2004; 0.70 Curtis and Vincent, 2005) . However, these studies were all focused on larger species of seahorse that could be visually located in a complex landscape, allowing assessment of local high densities. In the present study, lower densities are a function of a general survey approach. In previous seahorse studies conducted with visual surveys, seahorses were found associated with structures that could be used as holdfasts, although substantial variation existed in those structures, including macroalgae, bryozoans, tunicates, polychaetes, and seagrass. Across species investigated, few preferences were observed, and no preferences for specific seagrass species as holdfasts were noted.
All previous studies observed seahorse residents remaining in a small area for a given period of time, indicating small home range size. However, H. breviceps, the species closest in size to the dwarf seahorse observed in this study, had a high turnover rate in these high-occupancy sites, with adults observed on average only 20 days (range 1 -37 day residency time) out of the 37-day study (Moreau and Vincent, 2004) . This indicates that at least some fraction of the adult population is mobile, and it differs from other studies of seahorses that have indicated high site fidelity and low mobility (H. whitei, Vincent et al., 2004; H. subelongatus, Kvarnemo et al., 2000) . Our data suggest that H. zosterae may be seagrass generalists, found across a gradient of seagrass species, macroalgal abundance, and distance to open water. Low recapture rates may indicate that this species is more mobile and more similar to H. breviceps than to other seahorse species.
For S. scovelli, the most common species in this study, site M3 during the 2006 wet season exhibited three times higher densities than any other combination of sites, seasons, and year. Site M3 was composed of mixed Thalassia, Syringodium, and Halodule seagrasses, but with the lowest observed levels of macroalgae, likely due to the close proximity to open water and associated wave action, leading to more flushing. Contrary to what was observed for the dwarf seahorse, the overall trend for S. scovelli was of decreasing densities from 2006 to 2007. As we hypothesized, S. scovelli were observed along a gradient relative to the open ocean, with higher densities in M3, followed by M1 and then M2, which was the site farthest away from open water. This pattern was also observed for both Stigmatopora nigra and S. argus populations in southeast Australia, where syngnathids were more common on the seaward edge of grass beds than the shoreward edge (Smith et al., 2008) , and which may reflect a general preference for access to open water in pipefish species.
This association of S. scovelli with site M3 could be explained in many ways. First, it is possible that the seaward edge allows better access to open water for foraging, although in other studies, pipefish have rarely been associated with open sand sites, and 20 -30 meters of sand separates M3 from open-water seagrass beds (Kendrick and Hyndes, 2003; Smith et al., 2008) . Gulf pipefish and dwarf seahorses feed on harpacticoid copepods and amphipods, and due to changes in the velocity of the water as it moves over the seagrass, these organisms may be more abundant along the edges of seagrass beds (Huh and Kitting, 1985; Fonseca and Fisher, 1986; Tipton and Bell, 1988; Smith et al., 2008) . Because M3 is at the outer edge of this seagrass system, these food sources are likely to be more abundant, thus potentially explaining the higher abundance of pipefish and their larger size in this site as well.
Another reason S. scovelli may be abundant at this site is the combination of the diversity of seagrass blades and their length. Gulf pipefish, like other pipefish, rely on crypsis to avoid predation, and their body shape aids in the process of hiding among the seagrass blades. In M3, the mixture of broad-bladed Thalassia spp. with the thinner-bladed Syringodium, both with long blades, could potentially provide the best cover for the broad-bodied females and thinner-bodied males. In other species, seagrass preference followed these types of body dimension patterns. The larger Syngnathus typhle and Nerophis ophidian preferred long over short blades in the laboratory and were more often associated with broader-bladed Cymnodocea nodosa; the smaller S. abaster preferred Zostera marina (Malavasi et al., 2007) . In another study, both Stigmatopora nigris and S. argus preferred the strap-like Posidonia spp., which matches their body morphology more closely than the branching Amphibolis griffithii (Kendrick and Hyndes, 2003) . Although only correlations, the distribution of pipefish body shapes with seagrass morphology is an interesting pattern observed across studies and might explain some of the variation in this study.
Although there were no differences in density between years in S. louisianae and S. floridae, these species had significantly higher densities during the wet season overall. Site was significant, as they were rarely observed in M2, which had a mix of Thalassia spp., sand, and algae and had significantly lower blade height and blade densities. We expected that pipefish in general would be found in all seagrass locations due to their greater mobility; however, these two species were observed at extremely low levels at the most inland site and not at all there in some seasons. This can potentially be explained by the size difference in these two species from the smaller S. scovelli. With a longer body size, the two larger species may prefer a deeper habitat, which allows for longer grass to create more protection from predators and closer access to open water to facilitate possible migrations (Lazzari and Able, 1990; Power and Attrill, 2003; Malavasi et al., 2007) . Further evidence of migration for the two larger species is the lack of males in the populations. Previous research shows that, within pipefish populations of Syngnathus fuscus, males are the limiting factor and do not tend to migrate and risk predation (Roelke and Sogard, 1993) . In our study, this could explain the high number of females relative to males; females may migrate to search for mates in a new habitat or use the current habitat as foraging space independent of males.
During the course of the two-year research study, we observed a substantial decrease in overall syngnathid population size. It is possible but unlikely that our sampling techniques had a deleterious effect on the population, as our pilot study indicated 100% laboratory survivorship after marking, and another more recent study showed significantly higher recapture rates of all syngnathids and much more consistent numbers of syngnathid fish across seasons (see section 3.3 below; Masonjones and Rose, unpublished). This study did not follow the proper BACI study design for detecting the effects of anthropomorphic stressors on ecological systems, with a clear before and after and an appropriate control (Underwood, 1994) ; however, there is still the potential to glean insight from the changes we observed during the study. Another limitation in this context is the study period, as two years is a short time to conduct a population study for the purpose of distinguishing natural fluctuations from anthropogenic effects on the population (Estacio et al., 1999) . These issues notwithstanding, a measured decrease in syngnathid population size occurred in the same time frame as the demolition and construction phases of two marina projects adjacent to the research site. Dramatic construction projects in aquatic systems, like building a dam, can have immediate and obvious impacts on resident fish communities (Habit et al., 2007) , but slower changes such as the gradual loss of seagrass and succession to less optimal species can also cause dramatic shifts in resident fish distribution and community composition (Thayer et al., 1999) . Although we did not observe a shift in species composition during the study, population density decreased from one year to the next. This could indicate a disturbance in the natural population cycle of wet and dry seasons at the site, indicating the potential for shifts to have occurred in the environment that we are not yet able to detect. Only continued post-construction population monitoring in the site will help resolve these questions.
Body sizes and variation across species, gender, site, and season
We observed an increase in body size for dwarf seahorses overall and for gulf pipefish in M3 during the wet season. Increasing body size through increased growth in wet seasons could certainly be an explanation, because increased rains and longer days increase photosynthetic rates and therefore food availability. However, this may indicate also that larger individuals migrate into the site from deeper-water seagrasses not included in the study area. Residents are smaller and theoretically poorer swimmers, and larger individuals may shift habitats seasonally to broaden their range of resources. Predation could also play a role; because of the protected nature of the site, there may be fewer resources and predators, and the larger individuals might seasonally risk leaving in order to gain more food in another habitat.
Evidence from some species of pipefish indicates that seasonal migrations occur based on size frequency data (S. fuscus, Lazzari and Able, 1990; S. rostellatus, Power and Attrill, 2003; Nerophis ophidian, Monteiro et al., 2006) , but in other species studied, the evidence is equivocal (Stigmatopora nigra, Kendrick and Hyndes, 2003) . In our studies, the increase in density during the wet season did not appear to simply be a factor of increases in juveniles, because very few were observed in the study, and their numbers were consistent throughout the year for both of our most common species. Even though juveniles were excluded from the body size analyses to increase the normality of the data, a separate analysis was conducted including them, and patterns in the body size data sets did not change. This is most likely because, in both H. zosterae and S. scovelli, juvenile density did not differ with site, and juveniles comprised roughly the same percentage of the population at each site. Based on the observation that animals generally became larger and more numerous in the wet season, it is likely that at least some portion of these populations migrate out of these shallow seagrass beds during the dry season.
Among the four most common syngnathids, real patterns in body size were most likely observed for the groups with larger sample sizes, H. zosterae and S. scovelli. The other two species appear to be migrants in the system, with breeding habitat elsewhere. More evidence of this is that few males were observed at any of the sites. Female S. scovelli also outnumbered males by almost 1.4 to 1, but the sex ratios observed in samples of S. louisianae (19:1) and S. floridae (4.8:1) may indicate that the sites surveyed in this project represent a potential sink habitat and do not support breeding populations. Other data indicate a sex ratio of 1.36 to 1 in Florida populations of S. floridae (Mobley and Jones, 2007) , suggesting that the population in this study may not be typical for this species.
Hippocampus zosterae and Syngnathus scovelli recapture rates
Although a large number of animals were captured in this study, few were recaptured. This could have been caused by a number of factors, including: 1) tag loss, 2) sampling mortality, 3) too-long sampling intervals, 4) a large and flexible population, 5) highly mobile animals, 6) naturally high mortality, or some combination of these factors. These possibilities fall into two groups spanning sampling problems and natural population variation. From the perspective of sampling problems, we have investigated these three issues and are confident the first two are not factors. First, in our pilot study, we verified that tags were not lost during three months, longer than our resampling intervals. Second, neither anesthesia nor marking represented survivorship hazards for the animals used in the study. Temperatures remained constant during marking, and animals were acclimated to water conditions at the release site, swam upon release, and returned to the seagrass below. In a more recent study using shorter sampling intervals (mean± SE sampling interval was 11.2±1.60), a much higher recapture rate with all species was obtained (overall recapture rate 4.7%, pipefish recapture rate 5.0%, seahorse recapture rate 3.1%; Masonjones and Rose, unpublished data) . Theoretically with the same sampling and marking methods, survivorship would be the same for both studies, indicating that low recapture rates in the present study were most likely associated with sampling times longer than two weeks (the mean difference in collection times between the two studies was 11.5 days) and a sampling design that included random recapture locations relative to the previous release site. This is also supported by the recapture rates In mobile populations, sampling interval is critical to accurate population estimates and is a key assumption of many population estimation calculations (Krebs, 1999) . Based on these arguments, we are confident that sampling problems did not significantly alter the populations under study.
Our low recapture rate could also indicate that the species are highly mobile, with large and flexible populations. These recapture rates (0.33% for H. zosterae and 1% for S. scovelli) are not unheard of for estuarine fishes. In a small, intermittently open estuary in South Africa, of the 12 fish species tracked, across a range of body sizes, six had recapture rates that were 1% or below (Lukey et al., 2006) . In other species that move through the habitat, where they are collected and marked has a dramatic effect on recapture rates. In a study of juvenile northern kingfish, recapture rates varied from 0% when tagged on ocean beaches to 14% when tagged in an estuary (Miller et al., 2002) . By reducing the resampling interval in future studies, we hope to increase recapture rates and thus make population estimates possible for the four most common species in the region. This change in design should also allow better determination of the use of the site as habitat by S. floridae and S. louisianae, since the 0% recapture rates in this study cannot be clearly attributed to their migratory status. Even if we were to obtain the same 1% recapture rate with these two species as we did with S. scovelli, with our very small sample size over two years, their absence in our recaptures could be due solely to random sampling bias. We plan to further investigate the movement patterns of these fish through the seagrass landscape, attempt to estimate population size, elucidate gender differences in seagrass habitat use, and further resolve the conservation status of these CITES Appendix II listed species.
